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PROGRAMMABLE POLARITY FOR HIGH SPEED DIFFERENTIAL INTERFACES 

Field of the Invention 

The present invention relates to a method and/or 
5 architecture for differential interfaces generally and, more 
particularly, to programming a polarity for a high speed signal on 
O a differential interface. 

f ' Background of the Invention 

1Q, A high speed differential transceiver is commonly used in 

ft! Fibre channel, Gigabit Ethernet, Serial ATA interfaces and other 
Jf high speed serial bus standards. A physical layout/pinout of the 
transceiver is set by the appropriate standard and cannot be 
changed. The standards identify specific pins for the high-speed 
15 differential signals (i.e., RX+, RX-, TX+, and TX-) and physical 
alignment to standard connectors. The standards conventionally 
prevent the high-speed differential signals from being physically 
routed over each other. 

Referring to FIG. 1, pinouts of a connector 10 that are 
2 0 required by the given standard interface do not line up with the 
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current pinouts of a particular high-speed transceiver 12. In 
order to connect the differential receive lines and differential 
transmit lines to the required connector 10, the high speed 
differential signals RX+, RX-, TX+ and TX- need to be crossed over 

5 each other, either in the high-speed transceiver 12 or on the 
printed circuit board 14 (shown at points 16 and 18) . Since the 
signals RX+, RX-, TX+ and TX- are very high speed (i.e., 1.5 

45 Gigabits/sec to 3 Gigabits/sec) the amount of noise coupling that 
can occur from the "crossing over" of the signals can cause large 

l(f F increases in noise, jitter and bit error rates. 

M 

m Printed circuit board designers are aware of the problems 

C 3 that the cross-overs cause. Crossing the high speed signals RX+ 

pi 

^ with RX- (and TX+ with TX-) causes a certain amount of noise to be 
cross-coupled between the signals thus compromising signal 

15 integrity. Therefore, a large amount of time, effort and money is 
spent to minimize the induced effects of the cross-overs. Despite 
the efforts, the presence of the cross-overs will still cause some 
noise to be coupled over. Consequently, a risk is incurred in 
meeting the jitter requirements and bit error rates (BER) while 

2 0 allowing the transceiver to function robustly. Redesigning the 
transceiver to un-cross the signals is commonly unacceptable due to 
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the amount of time and capital resources required. The cost of a 
new design include complete characterization testing and creating 
completely separate product tracking and support requirements. 

Summary of the Invention 

The present invention concerns a system generally having 
a first circuit, a second circuit, and a pair of non-crossing 
conductive paths. The first circuit may be configured to convert 
between (i) a serial signal on a first differential interface and 

(ii) a parallel signal. The pair of non-crossing conductive paths 
may connect the first differential interface with a second 
differential interface. The second circuit may be configured to 
invert the parallel signal in response to a control signal in an 
inverting state. 

The objects, features and advantages of the present 
invention include providing a circuit for programming a polarity 
for a high speed signal on a differential interface that may (i) 
simplify routing of the high-speed signals between the transceiver 
and a targeted connector, (ii) require a small area to implement, 

(iii) make the transceiver compatible with different interface 
standards, (iv) minimize cross coupling of the high-speed signals, 
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(v) minimize jitter induced on the high-speed signals, and/or (vi) 
minimize an error rate for the high-speed signals. 

Brief Description of the Drawings 

5 These and other objects, features and advantages of the 

present invention will be apparent from the following detailed 
-JO description and the appended claims and drawings in which: 
f; FIG. 1 is a block diagram of a conventional high-speed 

J transceiver; 

1Q FIG. 2 is a block diagram of a system implementing the 

B 

03 present invention; 

5? FIG. 3 is a schematic of a first embodiment of a 

programmable differential port module; 

FIG. 4 is a schematic of a second embodiment of the 
15 programmable differential port module; 

FIG. 5 is a schematic of a third embodiment of the 
programmable differential port module; and 

FIG. 6 is a block diagram of an alternative embodiment of 
the system. 

20 
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Detailed Description of the Preferred Embodiments 

Referring to FIG. 2, a block diagram of a system 100 is 
shown in accordance with a preferred embodiment of the present 
invention. The system 100 generally comprises a printed circuit 
board 102, a connector 104, a circuit 106, and one or more circuit 
108A-B. The printed circuit board 102 may have multiple conductive 
paths 110A-D that connect the circuit 106 to the connector 104. 

The circuit 108A may receive a signal (e.g., 
PHY_DATA_OUT) . The circuit 108A may pass the signal PHY_DATA_OUT 
to the circuit 106 with or without inverting on a bit-by-bit basis. 
The circuit 106 may present the signal PHY__DATA_OUT as another 
signal (e.g., TX) to the connector 104. 

The connector 104 may receive a signal (e.g., RX) . The 
connector 104 may present the signal RX to the circuit 106. The 
circuit 106 may present the signal RX to the circuit 108B as 
another signal (e.g., PHY_DATA_IN) . The circuit 108B may present 
the signal P H Y_D ATA_ I N with or without inverting on a bit -by-bit 
basis . 

The signals PHY_DATA_OUT and PHY_DATA_IN may be 
implemented as parallel signals having one or more packets of 
information. The signals PHY DATA OUT and PHY DATA IN are 


01-359 
1496. 00142 

generally mult i -bit digital type signals. In one embodiment, the 
signal PHY__DATA_OUT may contain two bytes of information arranged 
as twenty bits by an 8B10B conversion. The signal PHY__DATA_IN may 
contain twenty bits of information that may contain two bytes of 
inf ormati on obtainable through a 10B8B conversion. Other 
arrangements of the signals PHY_DATA_OUT and PHY_DATA_IN may be 
implemented to meet the design criteria of a particular 
application . 

The signals RX and TX may be implemented as differential 
signals (e.g., RX+, RX- , TX+ and TX- ) . The signals TX and RX may 
be analog type signals and/or digital type signals. In one 
embodiment, the signals TX and RX may be arranged as packets of at 
least ten bits to match the 8B10B and 10B8B conversions. In other 
embodiments, each packet may include additional bits such as error 
detection/correction bits and control bits such as start bits and 
stop bits. Other arrangements for the signals RX+, RX- , TX+ and 
TX- may be implemented to meet the design criteria of a particular 
application. 

The circuit 106 may be implemented as a transceiver core 
circuit. The transceiver core circuit 106 may operate to convert 
the parallel signal PHY_DATA_OUT to the serial signal TX. The 
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transceiver core circuit 106 may convert the serial signal RX to 
the parallel signal PHY_DATA_IN. Conversion of the signal 
PHY_DATA_OUT to the signal TX may involve buffering or storing the 
signal PHY_DATA_OUT at a point in time and then converting each bit 

5 of the signal PHY__DATA_OUT into the signal TX in a time sequence. 
Conversion of the signal RX to the signal PH Y_DATA_ I N may involve 

© buffering or storing each bit of the signal RX in a time sequence 

f? and then presenting all of the signal PHY_DATA__OUT at a later time. 

jf In one embodiment, the transceiver core circuit 106 may only send 

19 signal TX or only receive the signal RX. Other designs of the 
HI transceiver core circuit 106 may be implemented to meet the design 
Jj criteria of a particular application. 

A pair of the conductive paths 110A-B may carry the 
signals TX+ and TX- from a differential interface (e.g., outputs 
15 112A-B) of the transceiver core circuit 106 to a differential 
interface (e.g., pin 2 and pin 3) of the connector 104 
respectively. Another pair of the conductive paths 110C-D may 
carry the signals RX- and RX+ from another differential interface 
(e.g., pin 5 and pin 6) of the connector 104 to another 

20 differential interface (e.g., inputs 112C-D) of the transceiver 
core circuit 106 respectively. The conductive paths 110A-D may be 


01-359 
1496.00142 

implemented as traces of the printed circuit board 102, point-to- 
point wires, or the like. 

The circuits 108A and 108B may be implemented as 
programmable differential port modules. The programmable 

differential port module 108A may be programmed to invert or not 
invert each bit of the signal PHY_DATA_OUT on a bit-by-bit basis. 
An effect of inverting each bit of the signal PHY_DATA_OUT may be 
to exchange the roles of the signals TX+ and TX- or functionally 
swap the polarity of a differential operational amplifier 113 
within the transceiver core circuit 106. With each bit of the 
signal PHY_DATA_OUT inverted, the signal TX+ may have a time- 
dependent amplitude (or waveform) that appears to be the signal 
TX» . The signal TX- may have a time -dependent amplitude (or 
waveform) that appears to be the signal TX+ . 

The programmable differential port module 108B may be 
programmed to invert or not invert each bit of the signal 
PHY_DATA_IN on a bit -by-bit basis. An effect of inverting each bit 
of the signal P H Y_D AT A_ I N may be to exchange the roles of the 
signals RX+ and RX- or functionally swap a polarity of a 
differential operational amplifier 114 within the transceiver core 
circuit 106. With each bit of the signal PH Y_DATA_ i N inverted, the 
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signal RX+ may be received with a time -dependent amplitude (or 
waveform) that appears to be the signal RX- . The signal RX- may be 
received with a time -dependent amplitude (or waveform) that appears 
to be the signal RX+ . 

When the programmable differential port module 108A is 
programmed to pass-through or buffer the signal PHY_DATA_OUT 
without inverting, then the conductive paths 110A-B may follow non- 
crossing routes between the interfaces 112A-B and the pins 2 and 3 
as shown in FIG. 2. In an embodiment where another connector (for 
example, connector 10 of FIG. 1) has the signal TX+ on the pin 3 
and the signal TX- on the pin 2, then the programmable differential 
port module 10 8A may be programmed to invert each bit of the signal 
PHY DATAJDUT. Inverting each bit of the signal PHY_DATA_OUT may 
cause the transceiver core circuit 106 to present at the interface 
112A (and thus to pin 2 of the connector 10) in effect the signal 
TX- and at the interface 112B (and thus to pin 3 of the connector 
10) in effect the signal TX+. As a result, the conductive paths 
110A-B may follow non-crossing routes between the interfaces 112A-B 
and the pins 2 and 3 of the connector 10. By selectively 
programming the programmable differential port module 108A, the 
differential interface 112A-B of the transceiver core circuit 106 
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may be connected to either the connector 104 or the connector 10 
with non-crossing conductive paths 110A-B. 

When the programmable differential port module 108B is 
programmed to pass-through or buffer the signal PHY_DATA_IN without 
inverting, then the conductive paths 110C-D may follow non-crossing 
routes between the interfaces 112C-D and the pins 5 and 6 as shown 
in FIG. 2. In the embodiment where the transceiver core circuit 
106 is connected to the connector 10, then the programmable 
differential port module 108B may be programmed to invert each bit 
of the signal PHY_DATA_IN. Inverting each bit of the signal 
PHY DATA_IN may cause the transceiver core circuit 106 to treat the 
signal receive at the interface 112C (from pin 5 of the connector 
10) as the signal RX+ and at signal received at the interface 112D 
(from pin 6 of the connector 10) as the signal RX- . As a result, 
the conductive paths 110C-D may follow non-crossing routes between 
the pins 5 and 6 of the connector 10 and the interfaces 112C-D. By 
selectively programming the programmable differential port module 
108B, the differential interface 112C-D of the transceiver core 
circuit 106 may be connected to either the connector 104 or the 
connector 10 with non-crossing conductive paths 110C-D. 
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Advantages of providing for non- crossing paths for the 
conductive paths 110A-D may be to maintain (i) a low cross-talk, 
(ii) a low jitter, and (iii) a low bit-error rate for the high 
speed signals TX and RX. The ability to functionally swap the 
signals TX+ with TX- and RX+ with RX- may allow customers to simply 
and easily implement designs that are independent from the 
connector and/or existing transceiver core circuit designs. 
Examples of standard connector interfaces that may be linked to the 
transceiver core circuit 106 may include, but are not limited to 
the Fibre Channel, Gigabit, Ethernet, and Serial AT Attachment 
standards. The programming may eliminate the need for cross-overs 
within the transceiver core circuit 106 and/or on the printed 
circuit board 102 . 

One of ordinary skill in the art would appreciate an 
embodiment where the programmable differential port modules 108A-B 
may be used to uncross the conductive paths 110A-D due to different 
assignments of the signals TX+, TX- , RX+ and RX- to the interfaces 
112A-D. For example, another transceiver core circuit (not shown) 
may normally present the signal TX+ at the output 112B and the 
signal TX- at the output 112A. By programming the programmable 
differential port module 108A to invert each bit of the signal 
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PHY DATA_OUT, the other transceiver core circuit may present at the 
output 112A what appears to be the signal TX+ and at the output 
112B what appears to be the signal TX- . The other transceiver core 
circuit may also receive at the input 112C the signal RX+ and at 
the input 112D the signal RX- . By programming the programmable 
differential port module 108B to invert each bit of the signal 
PHY DATA_IN, the input 112C may receive what appears to be the 
signal RX- and the input 112D may receive what appears to be the 
signal RX+. Therefore, the conductive paths 110A-D may follow non- 
crossing routes between the other transceiver core circuit and the 
connector 104 . 

Referring to FIG. 3, an example circuit 115 implementing 
the programmable differential power module 108A and/or 108B is 
shown. The circuit 115 generally comprises several circuits 116A-N 
and a circuit 118. Each of the circuits 116A-N may be implemented 
as an inverter. The circuit 118 may be implemented as an N-bit 
wide multiplexer. Each of the inverters 116A-N may receive a bit 
of a signal (e.g., DATA, where DATA is may be the signal 
PHY DATA_IN or the signal PHY_DATA_OUT) and present a bit of a 
signal (e.g., INV_DATA) . 
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The multiplexer 118 may receive the signal DATA and the 
signal INV_DATA. The multiplexer 118 may also receive a control 
signal (e.g., POLARI TY_S ELECT ) . The multiplexer 118 may present 
the signal PHY_DATA_x (where x is "IN" or "OUT"). The signal 
POLARITY_SELECT may be used by the multiplexer 118 as a control 
signal to present the signal DATA or the signal INV_DATA as the 
signal PHY_DATA_x. For example, the multiplexer 118 may select the 
signal DATA while the signal POLARI TY_SELECT is in a non- inverting 
state and the signal INV_DATA while the signal POLARI TY_SELECT is 
in an inverting state. 

For the programmable differential port module 108A, the 
signal DATA may be the signal PHY_DATA_OUT . For the programmable 
differential port module 108B, the signal DATA may be the signal 
PHY DATAJDUT as received from the transceiver core circuit 106. 
The signal POLARI TY_SELECT may be applied to both of the 
programmable differential port modules 108A-B. In one embodiment, 
the signal POLARI TY_S ELECT may be two independent signals, one 
applied to the programmable differential port module 108A and 
another applied to the programmable differential port module 108B. 

Referring to FIG. 4, another example 120 implementing the 
programmable differential power module 108A and/or 108B is shown. 

13 
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The circuit 120 generally comprises a plurality of logic gates 
122A-N. Each logic gate 122A-N may be implemented as an exclusive 
OR function. Each logic gate 122A-N may receive a bit of the 
signal DATA and the signal POLARITY_SELECT . Each logic gate 122A-N 
may present a bit of the signal PHY_DATA_x (where x is "IN" or 
"OUT") . While the signal POLARITY_SELECT is in a non- inverting (a 
logical LOW or a logical zero) state, the signal DATA may be 
buffered through logical gates 122A-N non- inverted and presented as 
the signal PHY_DATA_x . While the signal POLARITY_SELECT is in an 
inverting (a logical HIGH or a logical one) state, the signal DATA 
may be inverted by the logical gates 122A-N and presented as the 

signal PHY_DATA_x. 

Referring to FIG. 5, an example circuit 124 implementing 
the programmable differential power module 108A or 108B is shown. 
The circuit 124 generally comprises a plurality of circuits 12 6A-N 
and a plurality of circuits 128A-N. Each of the circuits 126A-N 
may be implemented as a pass gate. Each of the circuits 128A-N may 
be implemented as a tri -state inverter. Each of the pass gates 
126A-N may receive a bit of the signal DATA and present a bit of 
the signal PHY_DATA_x (where x may be "IN" or "OUT") . Each of the 
tri-state inverters 128A-N may also receive a bit of the signal 
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DATA and present a bit of the signal PHY_DATA_x. The signal 
POLARITY_SELECT may be received by the pass gates 126A-N and the 
tri-state inverters 128A-N. The signal POLARI TY_SELECT may have a 
non-inverting state where the pass gates 126A-N pass through the 
signal DATA to the signal PHY_DATA_x and the tri-state inverters 
128A-N present a high- impedance . The signal POLARITY_SELECT may 
have an inverting state where the pass gates 126A-N present a high- 
impedance or open between the signal DATA and the signal and each 
tri-state inverter 128A-N drives a bit of the signal PHY_DATA_x 
with an inverse of a bit from the signal DATA. 

Referring to FIG. 6, a block diagram of an alternative 
system 130 implementing the present invention is shown. The system 
130 generally comprises connector 104, the transceiver core circuit 
106, the non-crossing conductive paths 110A-D, and one or more 
circuits 132A-B. The transceiver core circuit 106 may convert the 
signal PHY_DATA_OUT to the signals TX+ and TX- . The transceiver 
core circuit 106 may convert the signals RX+ and RX- to the signal 
PHY_DATA_IN . 

Each of the circuits 132A-B may be implemented as a 
programmable inverter module. Each programmable inverter module 
132A-B may receive the signal POLARITY_SELECT . While the signal 
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POLARITY SELECT is in the non- inverting state, the programmable 
inverter modules 132A-B may pass through the signals TX+, TX-, RX+ 
and RX- without inverting. While the signal POLARITY_SELECT is in 
the inverting state, the programmable inverter modules 132A-B may 
invert the signals TX+ , TX- , RX+ and RX- . The effect of inverting 
the signal TX+ may be to recreate the signal TX- . The effect of 
inverting the signal TX- may be to recreate the signal TX+ . The 
effect of inverting the signal RX+ may be to recreate the signal 
RX- . The effect of inverting the signal RX- may be to recreate the 
signal RX+ . The programmable inverter modules 132A-B may 
functionally swap the signal TX+ with the signal TX- and the signal 
RX+ with the signal RX- when programmed to invert. 

Care should be taken in the design of the programmable 
inverter modules 132A-B to maintain proper signal symmetry. In 
particular, the programmable inverter modules 132A-B may be 
required to buffer the differential signals TX and RX such that the 
signals TX+ and TX- have a predetermined crossing point in 
amplitude and/or time and the signals RX+ and RX- have another 
predetermined crossing point in amplitude and/or time. The 
programmable inverter modules 132A-B may also be required to invert 
the differential signals TX and RX such that the inverted signals 
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TX+ and TX- maintain the predetermined crossing point and the 
inverted signals RX+ and RX- maintain the other predetermined 
crossing point. 

The various signals of the present invention are 
generally "on" (e.g., a digital HIGH, or 1) or "off" (e.g., a 
digital LOW, or 0) . However, the particular polarities of the on 

(e.g., asserted) and off (e.g., de-asserted) states of the signals 
may be adjusted (e.g., reversed) accordingly to meet the design 
criteria of a particular implementation. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 

in form and details may be made without departing from the spirit 

and scope of the invention. 
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